Abstract: New method of synthesis of polyetherols with 1,3-pyrimidine ring by reactions of 6-aminouracil with ethylene carbonate and propylene oxide was described. The structure of products was analyzed using the IR, 1 H-NMR and MALDI-TOF spectroscopies. Some physical properties and thermal stability of polyetherols were investigated. Initial tests on the foaming of polyurethanes obtained from the polyetherols were performed. Some properties of the foams such as apparent density, absorption of water, linear dimensions stability, thermal resistance and compression strength were investigated. Obtained foams show an improved thermal stability.
Introduction
Polyetherols with 1,3-pyrimidine ring can be used as components for obtaining of polyurethane foams with improved thermal stability [1 3] . These polyetherols can be obtained in reactions of 6-aminouracil (6-AU) with excess of oxiranes (I) [4] or alkylene carbonates (II) [5, 6] . 6-AU reacts with an excess of ethylene oxide (EO) or propylene oxide (PO) in dimethyl sulfoxide in the presence of triethylamine (TEA) as catalyst [4] , within 78 194 hours. Reactions of 6-AU with ethylene carbonate (EC) occur at 160 ºC temperature, in the presence of potassium carbonate. Reactions with propylene carbonate (PC) occur at temperature 180 ºC, in the presence of DABCO and potassium carbonate as catalysts [5, 6] . Time of syntheses was within 5.5 15.5 hours. Appearance of products of reaction of 6-AU with carbonates (II) are similar to those obtained in reaction of 6-AU with oxiranes (I). On the basis of properties of the polyurethane foams it can be deduced that the foams synthesized from polyetherols obtained from oxiranes (especially PO) have better mechanical properties (significantly higher compression strength) while the foams synthesized from polyetherols obtained from carbonates (especially EC) have better thermal stability. It seems probable, that using polyetherols with 1,3-pyrimidine including both oxyethylene and oxypropylene units one can synthesize foams with desired good mechanical and thermal properties. In this work such polyetherols were synthesized, their properties have been investigated. Polyurethane foams obtained from the polyetherols were characterized by improved thermal stability.
Results and discussion
Previous studies on reactions of 6-AU and other azacyclic compounds with oxiranes [5, 7, 8] and alkylene carbonates [6, 9 13] show that both ways of syntheses have some disadvantages. The first method needs a very long time of conducting and removal of solvent and catalyst under reduced pressure. The second method requires high temperature 160 ºC (EC) and 180 ºC (PC) of reaction. In this conditions reactions of 6-AU with carbonates run much faster than those with oxiranes [4 6 ] and a solvent is not necessary. For this reason they were used in the first stage of polyetherols synthesis applied here.
Because of higher reactivity of EC in comparison with PC [9, 12, 13] oxyethylene groups were introduced first into a 6-AU ring. The synthesis of polyetherols by reaction of 6-AU with PC requires higher temperature (180 ºC) than with PO (60 70 ºC), therefore the latter was used further. The products of reaction of 6-AU with an excess of EC are semi-solid or liquid resins and after direct mixing with PO (a solvent is not necessary) and in the presence of TEA as a catalyst they react with PO.
Initially a reaction of 6-AU with EC was carried out using starting molar ratio 1:5 and the same operating conditions as described in [5] (catalyst -potassium carbonate; 4 g/mol 6-AU; temperature 160 ºC). Next, similar syntheses were carried out at temperature 140 and 120 ºC. It turned out, that reduction of temperature by about 20 ºC elongates time of dissolving by about 2.5 hours, while total time of reaction was about 12 hours. At temperature 120 ºC reaction is very slow; 6-AU dissolves after 15 hours. Viscosity of the product obtained at 140 ºC is smaller than that for the product obtained at 160 ºC. IR and 1 H-NMR spectra of both products are practically the same as hydroxyethyl derivatives described in earlier works [5] . Their structure can be described by equation (II), where R = -H, and x + y + z + w = 5.
Then obtained products were subjected to reaction with PO in the presence of TEA. Syntheses were conducted in a pressure reactor at temperature 50-60 ºC. The presence of methyl groups is visible in 1 H-NMR spectra of products (Fig. 2) , where signals at chemical shift 1.0 and 1.2 ppm from protons of methyl groups in the products of normal and abnormal addition are present [14, 15] .
Reaction products contain small amount of TEA, as follows from spectra analysis (signal from protons of methyl groups at chemical shift 1.1 ppm; Fig. 2 ).
In mass spectra of polyetherols are observed peaks of molecular ions differing by M/z = 44 (oxyethylene sub-units), and by M/z = 58 (oxypropylene sub-units), which evidences that polyetherols containing oxyalkylene chains of various length are formed ( Fig. 3 and 4 ). All peaks have been assigned and they correspond to general formula 6-AU + x(oxyethylene sub-units) + y(oxypropylene sub-units) zH 2 O with x = 2 6, y = 0 5 and z = 0 2. In mass spectra peaks of molecular ions of products of condensation reaction (w(6-AU) + x(oxyethylene sub-units) + y(oxypropylene sub-units) zH 2 O with w = 2 3, x = 2 4, y = 1 4 and z = 1 2; Fig. 3 Products of condensation reaction are by-products of the reaction of 6-AU with alkylene carbonates [5, 6] . Moreover, molecular ions masses increased by the mass of K + are recorded (from catalyst -K 2 CO 3 ). MALDI-TOF spectra show that glycols and polyglycols are formed. Thermal stability of product of reaction of hydroxyethyl derivative of 6-AU synthesized at 140 ºC with PO was investigated using thermal analysis techniques. The DTA, TG and DTG curves are presented in Fig. 6 . For DTA curve single endothermic peak at temperature range 380 410 ºC is observed due to ring decomposition of 1,3-pyrimidine. The TG-curve show that 5% mass loss at temperature 150 ºC, and 50% mass loss at 270 ºC occur. Thermal stability of this polyetherol is similar to thermal stability of product obtained from 6-AU and oxiranes [4] and alkylene carbonates [5, 6] .
The synthesized polyetherols were used to obtain polyurethane foams. Attempts of foaming were carried out on a small scale. 4,4'-Diphenylmethane diisocyanate was used as a isocyanate component with water as foaming factor. Silicon surfactant and TEA catalyst were used. It was observed that better foams were obtained from polyetherol synthesized at lower temperature (140 ºC) using 2 weight % of water, 0.8 weight % of silicon, 1.6 1.9 weight % TEA while amount of isocyanate was adjusted, to OH:NCO molar ratio of 1:1 in initial reaction mixture (Tab. 1). Foams obtained from polyetherol synthesized at 160 ºC were fragile and had large, irregular pores. Apparent density of obtained foams was found in the range 24 95 kg/m 3 (Tab. 2) and it is similar to those for the foams prepared from polyetherols on the basis of oxiranes [1] and carbonates [2] . Water absorption after 24 hours exposition in water was in the range 7.9 22.4 wt.% (Tab. 2). Smaller water absorption (no more than 11.8 wt.%, Tab. 2) show foams obtained from polyetherol synthesized at lower temperature (140 ºC). Water absorption of investigated foams is similar to those for foams obtained from polyetherols synthesized from carbonates. a). Studies on thermal stability were carried out at temperatures 150 ºC, 175 ºC and 200 ºC, by recording the loss of mass (Fig. 7, 8) . The samples were exposed to the thermal treatment for one month. The gradual loss of mass has been observed. The highest loss of mass was observed at the first day of exposition. Stabilization of mass at temperature 150 ºC was reached after 13 days and at 175 and 200 ºC after 25 days. All tested samples became more rigid after thermal treatment. a). The smallest loss of mass show composition no. 9 (based on polyetherol obtained at temperature 140 ºC), namely 7.89% at 150 ºC, 24.66% at 175 ºC and 37.84% at 200º (Fig. 8 ) In other cases, the losses of mass for foams are higher, up to 47.77% at 200 ºC (composition no. 11, Fig. 8 ). Foams based on polyetherols obtained from 6-AU, EC and PO show slightly better thermal stability than those synthesized from polyetherols obtained in reaction of 6-AU with oxiranes [1] and similar to thermal stability of foams based on polyetherols synthesized from 6-AU and carbonates [2] .
Tab
Thermal analysis for the foam of the best mechanical properties (composition no. 10) has been made. It showed that loss of the mass at temperature 170 o C was 5% and at temperature about 400 o C was 50% (Fig. 9) . Glass transition of this foam, determined by DSC method, is equal to 109 o C. This result classifies it as rigid-type foams. Fig. 9 . Thermal analysis of the polyurethane foam (composition no. 10).
Mechanical properties of composition no. 10 were evaluated on the basis of compression strength before and after thermal exposure (Table 3 ). The one month thermal treatment at temperatures 150 and 175ºC results in higher compression strength. To compare results, compression strength measurement for foam obtained from polyetherol synthesized at higher temperature was made (composition no. 1, Table 3 ). This foam shows very small compression strength. 
Conclusions
In reaction of 6-AU first with EC, and next with PO polyetherols with 1,3-pyrimidine ring can be obtained with both oxyethylene and oxypropylene groups present in product. The products are highly thermally resistant. Thus that they can be useful polyol components and can applied to obtain polyurethane foams with improved thermal stability. Polyurethane foams synthesized from these polyetherols show better thermal stability than foams synthesized on the basis of polyetherols obtained in reaction of 6-AU with oxiranes [1] and similar to thermal stability of foams based on polyetherols synthesized from 6-AU and alkylene carbonates [2] . The foams obtained from polyetherol synthesized at lower temperature (140 o C) show higher compression strength than foams based on polyetherols obtained from 6-AU and alkylene carbonates [2] . Other properties of the foams such as apparent density, water uptake, dimension stability and compression strength are similar to properties of classical polyurethane foams.
Experimental part

Syntheses
-Reactions of 6-AU with ethylene carbonate
To a round-bottomed flask (250 cm 3 ) equipped with a reflux condenser, thermometer, and stirrer, 12.7 g (0.1 mol) 6-AU (pure; Sigma-Aldrich, Steinheim, Germany) and 44.03 g (0.5 mol) EC (pure, Fluka, Switzerland) and 0.4 g potassium carbonate (pure, PPH POCh, Gliwice, Poland) as a catalyst were introduced. The mixtures were heated to 160 ºC with continuous stirring. The reaction course has been controlled by determining the amount of unreacted EC. The reaction was conducted 6.5 hours at this temperature (including dissolving time of 6-AU 0.5 hour). The synthesis at temperature 140 ºC was conducted similarly (time of reaction 18.5 hours, dissolving time of 6-AU 3 hours). The resin-like product was obtained in these reactions.
-Reactions of hydroxyethyl derivatives of 6-AU with propylene oxide To a 250 cm 3 autoclave reactor equipped with a stirrer 34.7 g (0.1 mol) of product of reaction of 6-AU with EC, 17.4 (0.3 mol) PO (pure; Fluka, Buchs, Switzerland) and 1 cm 3 TEA (pure; Fluka, Buchs, Switzerland) as a catalyst were introduced. The mixture was heated up to temperature 50 ºC and vigorously stirred in order to achieve a homogeneous system. After careful mixing of the components the mixture was kept at temperature 55 60 ºC. The end of the reaction was established by determining the epoxy number of the reaction mixture. Time of reaction was equal approximately 26 hours for hydroxyethyl derivative of 6-AU obtained at temperature 160 ºC and 24 hours for derivative of 6-AU obtained at temperature 140 ºC.
-Polyurethane foams preparation Attempts of foaming of polyetherols were carried out in small 250 cm 3 test cups at room temperature. To 10 g of polyetherol the 0.8 wt % of Silicon 5340 (Houdry Hülls) as surfactant, 0 4 wt % of water, and 1.1 2.2 wt % of TEA (pure; Fluka, Buchs, Switzerland) catalyst were added in relation to polyetherol. After careful mixing of the components, a preweighed amount of 4,4'-diphenylmethane diisocyanate (mixture of di-and triisocyanates (30%) for synthesis; Merck-Schuchardt, Hohenbrunn, Germany) was added. The mixture was vigorously stirred until it started creaming. The amount of diisocyanate was adjusted to OH:NCO molar ratio of 1:0.9 1.5 (Table  1) . From the foams thus obtained samples for testing were cut out after ca. 48 h.
Analytical methods
The amount of unreacted EC was determined by reaction with barium hydroxide [9] . The epoxy number was determined by titrating a sample with a dioxane solution of hydrochloric acid [16] . The infrared spectra were recorded on a Fourier transform IR PARAGON 1000 spectrometer (Perkin-Elmer Corp., Norwalk, CT). The samples for IR analysis were prepared as capillary films. The 1 H-NMR spectra of products were recorded on a 500 MHz Bruker UltraShield spectrometer. The solvent was d 6 -DMSO with HMDSO internal standard. MALDI ToF (Matrix-Assiated Laser Desorption Ionization Time of Flight) spectra were obtained on Voyager-Elite Perseptive Biosystems (USA) mass spectrometer working at linear mode with delayed ion extraction, equipped with nitrogen laser working at 337 nm. The method of laser desorption from matrix was used with 2,5-dihydroxybenzoic acid in THF at 10 mg/cm 3 concentration. The samples were diluted with methanol to 1 mg/cm 3 , followed by addition of 10 mg/cm 3 NaI in acetone. Therefore in some cases the molecular ion masses were increased by the mass of Na + and CH 3 OH.
Some other properties of the products were evaluated, such as: refractive index, density (pycnometrically), viscosity (Höpler viscometer) [17] , and surface tension, by using the torsion balance method [18] .
The following properties of foams were determined: apparent density [19] , water absorbing capacity [20] , stability of dimensions [21] , thermal stability as the mass loss after heating at 150, 175, and 200 C for a month, and compression strength [22] . The thermal analysis of products was conducted with F. Paulik, J. Paulik, L. Erdey (MOM, Hungary) derivatograph (thermogravimetric analysis apparatus). Thermal investigations [23] of the foams were made using differential calorimeter DSC type 822 e with the software Stare e system (Mettler Toledo, Spain). Recording conditions were: sample weight 10-20 mg, temperature range 0-200 C, heating velocity 10-20 C/min., flow rate 30 cm 3 /min., nitrogen atmosphere).
